The mechanism of a diad prototropic rearrangement of hydrophosphorylic
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A prototropic rearrangement of a number of hydrophosphorylic compounds has been found to proceed by a bimolecular mechanism
with tunneling predominant at temperatures below 340 K.

Organophosphorus compounds play an important role in biofable 1Bond lengths in the test compounds.
chemical processes. The chemistry of phosphorus depends en
the development of adequate quantum-chemical models of thg 4 (reaction) Experimental bond RHF (6-21G**) -t (008

electronic structure of phosphorus compounds in order to predict length9A + MP2 data/A
the structure and ways of synthesis of new phosphorus come-—c (1) 1.844 1.831 1.855
pounds. P-C (4) 1.904 1.866 1.922
Hydrophosphorylic compounds are the main raw material®-O (5) 1.620¢ 1.639 1.656
for synthesis of different classes of chemical products such &0 (1) 1.47¢ 1.482 1511
catalysts, extractants and drugs. This paper is devoted to a théo-C (1) 1.809 1.831 1.855
retical study of a diad prototropic tautomeric rearrangement o ‘8 (:') i'sg i'gg i'ggg
hydrophosphorylic compounds. _ @) o723 ' ’
) . P=0 (5) 1.477 1.475 1.495
Most of trivalent phosphorus acids are well known to bep_g ) 1.5806 1.639 1.656
stable as hydrophosphorylic compoudd®, R = Alk, AIkO):1 0-C (5) 1.4326 1.443 1.450
an PMe;. PIn P(CRy);. ¢In P(OMe). d9in O=PMg;. ¢In O=P(CF),. fIn
O=P(OMe}).
R... R...
R~ P\=O = g-P7OH Note that the DFT reproduces the experimental value of the
H tautomerization energy for reaction @According to Table 2,

in the cases of (3) and (4), the reaction equilibrium in the system
will be shifted towar®, while for (1) it will be shifted toward.

According to ICR datd,in the case of R, 'R MeO, the It is interesting that for reaction (3) both computational methods
energy of tautomerization is equal to 6.5 kcalthoDn the  predict the reaction equilibrium to be shifted tow&do a
other hand, for bis-pentafluorophenylphosphinic &eitd some greater extent than for (4).
cyclic esters of phosphorous &cidn equilibrium betweerl In the case of a unimolecular mechanism of (1)—(5) the
and2 can be observed. If R and &e strong acceptor substi- rearrangement goes from a bound statk tof2 via a transition
tuents (like CE), the equilibrium is almost completely shifted state (TS). All the structures have a symmetry plane:
toward2.5

Since experimental determination of the mechanism and energ
of tautomerization of the prototropic rearrangement in hydro-
phosphorylic compounds is difficult, a theoretical study of such
systems is of great interest. Thus, theoretical studies of variou
fluorine-substituted dimethylphosphinic acids can provide an op-
portunity to elucidate the regularities of the prototropic equilib-
rium, self-association and other important aspects of acid—base 1
interaction$

We report here on calculations of the structures of the According to DFT data, the activation barriers for (1)—(5)
stationary points on the potential-energy surfaces of reactiorare as high as 50—60 kcal mblIf we consider a bimolecular
(2)—(5). mechanism of the rearrangement, a TSCgf symmetry is
formed (TS2). Its structure is given below:

1 2

Me,POH == MegP(O)H; (1)
(CHF),POH === (CHF),P(O)H; (2
(CHF,),POH === (CHE),P(O)H; ®3)
(CF,),POH == (CF),P(O)H; (4)
(MeO)L,POH == (MeO)P(O)H. (5)

The calculations were performed with a RHF wave function
in the 6-31G** basis set with taking into account the correla-
tion effects at the MP2 level using the GAMESS progfaas,
well as by DFT according to the PBE formula for the correlation
exchange functiondlising the program from ref. 9. We assumed
the rearrangement to occur by both unimolecular and bimolecular
mechanisms.

The geometry parameters of the obtained equilibrium struc-
tures are consistent with the experimental data for related com-
pounds (Table 1). The results of the RHF + MP2 and DFT cal- In this case, the activation barrier is loweredchyan order
culations are in a good agreement with each other (Table 2pf magnitude. The geometry and energy parameters of TS and

TS2
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Table 2 Energies of structure® with respect tal for reactions (1)—(5)/
kcal molla

Reaction RHF + MP2 method DPT
1 -8.8 -3.8
2 -2.5 3.9
3 5.0 8.6
4 2.5 6.7
5 =-12.0 6.1

aA negative value means that foenis more stable thah PWith the addition
of the zero point energy.

equal at a given temperature. Calculations by the Wigner formula
show that in the case of a unimolecular mechanism of reactions
(1)-(5)x = 2 (i.e, tunneling is predominant) &t< 420 K, while
in the case of a bimolecular mechanjsm 2 atT < 340 K.

Thus, we can conclude that for reactions (1)—(5) the bimo-
lecular mechanism is favourable, and tunneling contributes mainly
to the rate constant @t< 340 K.
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